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(57)Abstract: 

PURPOSE: To improve the gradation of a relatively dark part 
by changing the number of bits for A/D conversion for 
respective picture elements and performing output for the 
photographing of an object whose dynamic range is wide. 
CONSTITUTION: This device is provided with a lens group 101 
for image-forming optical information on a prescribed image 
forming surface and a line sensor 103 for converting the optical j- 
information of the image forming surface 102 to electric 
information. A line sensor driver 104 electrically drives the line 
sensor 103 by the instruction of a system controller 105, a 
scanning means 114 lets the line sensor 103 scan within the 
image forming surface and the system controller 105 controls 
the line sensor driver 104 and the scanning means 1 14 and 
adjusts exposure time by the multiple of 2. An A/D converter 
108 converts sampled and held video signals to digital images. When the number of output bits of an 
A/D converter bit number selection means 116 exceeds the number of upper limit bits of the A/D 
converter, the photographing is performed for plural times while changing the exposure time and the 
image data of a large number of bits are prepared. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates especially to the escape of the dynamic range about the gradation 
disposition top of the solid state camera which uses a single dimension image sensor, a solid state image sensor, 
etc., or a line sensor camera. 
[0002] 

[Description of the Prior Art] Conventionally, as a product using the line sensor of CCD or an MOS mold, there 
are things, such as a copying machine, facsimile, and a scanner. These make plane objects, such as paper and a 
film, applicable to an image pick-up, apply the light of the light source with little quantity of light change on the 
time amount target built in image pick-up equipment to an object, and read the quantity of light of the 
transmitted light or the reflected light with a line sensor. Moreover, it is the structure which recognizes the 
whole image two-dimensional by moving an object perpendicularly to the line sensor. 
[0003] Moreover, a line sensor camera is used as a part of FA (factory automation), and it may aim at mainly 
providing a manager with the excellent article of the product on a production line, and a defective judging 
material. The feature is arranged in many cases so that the light source may be irradiated from the outside for a 
solid object 

[0004] The example of a configuration of the line sensor camera is shown in drawing 9 . In drawing, the lens 
group for making the line sensor side where the photo-electric-conversion section mentions the light from 
objects, such as a drawing and a manufacture, later carry out image formation of 201, and 202 shall consist of 
photodiodes which are the line sensors for changing into an electrical signal the incident light by which image 
formation was carried out, and arranged n pieces in one train by the lens group 201 here. 203 is video amplifier 
and amplifies the video signal outputted from the line sensor 202 to suitable signal level. 204 is a sample hold 
circuit and is for changing the output signal pulse of each photodiode from video amplifier 203 into the 
continuous output signal. 205 is a digital disposal circuit for changing the output signal from the sample hold 
circuit 204 into a standard video signal. 

[0005] Moreover, 206 is a timing controller for controlling the whole line sensor camera, and can be realized by 
the gate array or the general-purpose microprocessor. 207 is a line sensor driver for driving a line sensor 202. 
Moreover, an exposure-time selection member for 208 to choose the exposure time to a line sensor 202 and 209 
are the main switches for supplying a power supply to each part of a line sensor camera. 
[0006] Next, actuation of the line sensor camera in drawing 9 is explained using the flow chart of drawing 10 . 
[0007] First, the main switch 209 of the main part of a line sensor camera is turned on (step 301). Then, it sets 
to the line sensor driver 207 so that the timing controller 206 may scan and detect the condition of the exposure- 
time selection member 208 and photo electric conversion may be performed by the exposure time specified as 
beforehand [ the ] from the memory of timing controller 206 built-in (step 302). The line sensor driver 207 
receives the command from the above-mentioned timing controller 206, drives a line sensor 202, and a line 
sensor 202 changes into serial electric information the image information which is carrying out image 
formation, and it outputs it to video amplifier 203 (step 303). Video amplifier 203 amplifies the feeble signal 
from a line sensor 202 (step 304). 

[0008] Next, the sample hold circuit 204 is sampled by the timing from the timing controller 206, holds the 
serial pulse signal which is the output of video amplifier 203, and changes it into the continuous output signal 
(step 305), The above-mentioned image information is changed by the standard video signal by the digital 
disposal circuit 205, and it is led to TV monitor (step 306)~Then, there is much exposure time, an image 
photography person checks TV monitor, when signal level becomes whitish highly or it is the exposure time is 
short, and signal level is low, and blackish, he resets the exposure time, and he repeats return and the again 
same activity to step 302 (step 307). An object can be moved for this actuation and the image of a two- 



dimensional screen can be acquire|A| repeating a scan. 

[0009] While seeing a two-dimens^rol image with TV monitor in the case^ffie examination of products 
under assembly line and setting up the optimal exposure time by the above actuation, exact actuation of the 
main part of a line sensor camera is checked. 

[0010] Moreover, although the above-mentioned line sensor camera showed the example which a photographic 
subject moves, it also has the line sensor camera which fixes a photographic subject and moves the line sensor 
of an image sensor, and can photo a high definition image to the still life of an object anyway. The designer and 
the cameraman may be using such a line sensor camera as one of the direct input devices to a computer. 
[0011] 

[Problem(s) to be Solved by the Invention] However, in the conventional example, the dynamic range of an 
image information signal is not enough, and the operability of a line sensor camera etc. is inconvenient, and 
amelioration is desired. An A/D converter with much number of bits will be needed, and especially photography 
(the original photography of the natural light) of the large photographic subject of a dynamic range will become 
an expensive system. 
[0012] 

[The means for solving a technical problem (and operation)] When photoing the large photographic subject of a 
dynamic range in view of the above-mentioned point, this invention In the A£Dxonv<erter which changes an 
analog picture signal into a digital image signal, and the line sensor camera equipped with the A/D-converter 
number-of-bits selection means When the output (N bit) of said A/D-converter number-of-bits selection means 
exceeds the maximum number of bits (Mbit) of said A/D converter (N>=M), The exposure time is changed, 
multiple-times photography is carried out, and the line sensor camera which inputted data with the 
predetermined number of bits (M bit) is offered. Moreover, multiple-times exposure photography is equipped 
with a field setting means to set up a required field, from the output of said dynamic range detection means as 
twice (M-N) of the exposure time at the time of the first image input, and the change of the exposure time to a 
line sensor offers the line sensor camera characterized by photoing only the field of said field setting means 
again. 
[0013] 

[Example] One example by this invention is explained referring to drawing. In the block diagram shown in 
drawing.1 , 100 is the Maine electric power switch for supplying a power supply to this line sensor camera. 101 
is a lens group for making the image formation side of 102 carry out image formation of the photographic 
subject image. 103 is thgaiine.sensor of the 1 -dimensional image sensor arranged in the imageformation side 

102, for example, has a CCD line sensor and M0 smooth-S-form transistor line sensor. 104 is a line sensor 
driver for making a line sensor 103 drive electrically with the instruction from the system controller 105 
mentioned later. That is, the line sensor driver 104 makes it output 1 dot of image information at a time from a 
line sensor 103 by the trigger of a system controller 105. 

[0014] Moreover, 105 is a'system controller and is a microcomputer which contains RAM-and^ROM. That 
operation operates so that the function of each block may be controlled by this example and a two-dimensional 
image may be obtained. 106 is video amplifier and makes suitable magnitude amplify the output of a line sensor 

103. 107 is a sample hold circuit and changes the output of the shape of a pulse from video amplifier 106 into 
the continuous smooth signal. 108 is an A/D-conversion means for changing the analog picture signal of the 
sample hold circuit 107 into a digital-image signal, and is illustrated as an A/D converter with a resolution of 
N= 8 bits here. 109 is a storage means for storing temporarily the above-mentioned digital image signal data, 
and is taken as Memory A. 

[0015] Moreover, 1 104s a shading compensation circuit.which performs a shading compensation, after the 
image data for one line is memorized by memory A109. *1 1 1 is a gamma correction circuit for performing the 
gamma correction of image data. Since these shading compensation circuit 1 10 and the gamma correction 
circuit 1 1 1 are well-known technology, they omit detailed explanation. 1 f2 is a storage means for storing 
temporarily the image data drone line after amendment of the shading compensation circuit 110 and the gamma 
correction circuit 1 11, and in order to distinguish from 109, it is taken as Memory B. 
[0016] Moreover, in order that 1 13 may transmit the image data memorized in memory B l \2 to an external 
digital device; it'is a communication circuit means for communicating with an external digital.dsvice, for 
example, is a SCSI circuit and a RS-232C circuit. 1 14 is a scan means for moving a line sensor 103 
mechanically in the image formation side 102, and is controlled by the instruction of a system controller 105. 
That is, if it is arranged so that Rhine where the line sensor 103 met the y-axis in this example can be outputted 
at once, a line sensor 103 is made, as for the scan means 1 14, moved along a x axis. 
[0017] The device of the scan means 1 14 is shown here at drawing.2 . Although drawi4lg.2 shows the 
appearance of a line sensor camera, and a part of interior, 701 is a stepping motor and moves the housing 703 of 



a line sensor 102 along with a guidfl^r 704 through a gear 702. Since it is with the screw, along with a 
guide bar 704, a line sensor 103 w^Kiove a line sensor 103 and housing 7(^W4oreover, the scan means 1 14 
contains the driver line for driving a stepping motor 701 with the driving direction and clock signal from a 
system controller 105. 

[0018] Moreover, 1 15 is an edge detection means for detecting whether a line sensor 103 is in a scan edge, and 
a photo interrupter can realize it. 116 is the number-of-bits selection means of an A/D converter, and is digital 
value input members, such as a rotary encoder and a DIP switch. 1 17 is release ** for permitting photography, 
and photography is started by making this release signal into a trigger. 

[0019] Below, the flow chart showing actuation and an operation of this invention is shown and explained to 
drawing 3 . First, the Maine power supply of this main part of a line sensor camera serves as ON (step 400), and 
a system controller 105 performs hardware-initial setting. It judges whether a system controller 105 detects the 
output of the edge detection means 115, and the location of a line sensor 103 is coming to the scan edge on the 
X-axis (step 401). If the line sensor 103 is arranged at the scan edge, and not arranged, it will progress to step 
403 to step 402. At step 402, since a line sensor 103 is not in an edge, a system controller 105 outputs 1 clock 
signal to the scan means 1 14 with the direction of a scan edge, and moves a line sensor (step 402). Then, it 
returns to step 401. 

[0020] Moreover, if the line sensor 103 is coming to the scan edge, let this location be a criteria location. Next, 
a system controller 105 sets up photography conditions (step 403). That is, the - exposure time T is made to 
memorize to the built-in RAM of a system controller 105 whenever [ infanticide / of the solid state image 
sensor of a photography area line sensor ]. This may be inputted into a system controller 105 via a 
communication circuit 1 13 from an external digital device. 

[0021] Furthermore, a system controller 105*detects the condition of the number-of-bits selection means 116, 
arid memorizes input number-of-bits M of an A/D converter to RAM of the system controller 105*mterior (step 
404). A system controller 105 checks the condition of release ** 1 17 (step 405), and from step 403, the loop of 
step 405 is carried out and it stands by until release ** 1 17 is pushed. In the meantime, a photography person 
sets up the composition of a photographic subject etc. When release ** 1 17 is pushed, it progresses to step 406 
and photography is started. 

[0022] Then, a system controller 105 exposes some photographic subject images which are on delivery and the 
image formation side 102 about an instruction so that it may expose to the line sensor driver 104 for T hours 
(step 406). It begins 1 dot of transfers at a time for the photographic subject information by which light / 
electrical signal conversion was carried out from a line sensor 103 as an image information signal of time series 
after T hour exposure (step 407). Video amplifier 106 amplifies the image information signal from a line sensor 
103 in suitable magnitude to the latter part (step 408). The sample hold circuit 107 changes the signal of the 
shape of a pulse from a line sensor 103 into a smooth image information signal (step 409). 
[0023] the next ~ the A/D conversion of A/D converter 108 ~ resolution ~ the A/D-converter number-of-bits 
selection value M from N and the number-of-bits selection means 1 16 is compared (step 410), and N>=M is 
truth -- if it becomes, it will be a false in step 41 1 -- if it becomes, it will fly to step 412. When the N is larger, 
image data is built with 1 time of an exposure routine (step 411). When the M is larger, image data with much 
number of bits is built with the exposure routine of multiple times (step 412). 

[0024] Next, a shading compensation is performed in the shading compensation circuit 1 10 to the digital image 
data for one line memorized by memory A 109 (step 413). Furthermore, in response to the result of the shading 
compensation circuit 1 10, the gamma correction of image data is performed in the gamma correction circuit 1 1 1 
(step 414). The result of having performed the gamma correction is memorized by one line to memory Bl 12 
(step 415). 

[0025] Continuously, a system controller 105 communicates with an external digital device, and transmits the 
image data for one line to an external digital instrument from memory Bl 12 (step 416). The number of the 
minimum data which is in photography area at this time, and fulfills the conditions of whenever [ infanticide / 
of image data ] is also transmitted. 

[0026] Next, after transmitting all data, a system controller 105 computes the image incorporation location of a 
degree from the data of whenever [ infanticide / of image data ], and moves a line sensor on the X-axis through 
the scan means 1 14 (step 417). A system controller 105 is judged from the result of the scan edge detection 
means 115 of the above [ ******** the photography area where the location of a line sensor 102 was specified 
outside ], and the movement magnitude of a line sensor 103 (step 418). Supposing it is outside area, it flies to 
step 401, and if it is not outside, it will progress to step 406 and photography will be repeated. 
[0027] Here, since steps 411 and 412 are the important portions of this invention, they show and explain a flow 
chart to drawing .4 and drawing. 5. , respectively. 

[0028] First, in drawing, 4 , since it is N>=M, it goes into an exposure routine once (step 41 1). Then, the 



resolution of A/D*converter 108 is^fets M bits, and analog-to-digital convo^ton of the output of the sample 
hold circuit 107 is carried out by N^Rs (step 501). And the image data by toRi digital conversion was carried 
out is made to store temporarily to memory A109 at M bits (step 502). If the image data for one line is 
memorized, it will progress to step 413 (step 503). 

[0029] Moreover, in d ra wing 5 , the multiple-times exposure routine in the case of being N<M (step 412) is 
explained. Here, in order to simplify explanation, it limits to exposure twice and explanation is advanced. First, 
the resolution of A/D converter 108 is set as N bit, and A/D conversion of the output of the sample hold circuit 
107 is carried out in N bit (step 601). And the image data by which digital conversion was carried out is made to 
store temporarily to memory A 109 (step 602). As for a system controller 105, the image data for every [ which 
was made to memorize ] image data investigates whether it is data below $FF*2 (N-M) (step 603). When image 
data is small, it progresses to step 604. When image data is large, it progresses to step 605. This is performed in 
order to investigate whether there is any data which a sensor output is small and needs multiple-times exposure. 
$FF expresses the maximum of N (— 8) bit here. When it is data below $FF*2 (N-M), the address of the pixel is 
stored temporarily in Add (i) (step 604). 

[0030] Next, data is doubled two (M-N) (step 605). New data is made to memorize to the same address of 
memory A 109 (step 606). About the image data for one line, it judges whether steps 603-606 were performed 
(step 607). If it is not performing, it will return to step 603. If it is performing, it will progress to step 608. A 
system controller 105 gives the instruction which carries out T*2 (M-N) time-amount exposure to the line 
sensor driver 104, and the data with which the exposure time is different in the same location is photoed (step 
608). A line sensor 103 outputs a time series electrical signal including photographic subject information like 
step 407 (step 609). 

[0031] Next, video amplifier 106 amplifies image data like step 408 (step 610). Like step 409, the sample hold 
circuit 107 carries out sample hold of the image data, and considers as a smooth signal (step 611). A/D 
conversion of A/D converter 108 is carried out in N bit (step 612). Only the data of the address Add (i) which 
obtained the system controller 105 at step 604 permits the writing to memory A109, and image data is rewritten 
(step 613). If the data for one line is followed, it will progress to the shading compensation of step 413 (step 
614). 

[0032] What used as drawing the process in which 12-bit image data could do the above flow as N= 8 and M= 
12 is shown in drawing.6 . Drawing. 6 (a) sets a horizontal axis the location of the pixel of a line sensor 103 as 
the image data in the memory A109 in step 602, and sets an axis of ordinate as it as level of image data at a 
graph. It turns out that the image data not more than $FF*2(N-M) =$0F checked at step 603 also exists in this 
image data. Those addresses are memorized at steps 604 and 605, and the condition that the image data doubled 
2(M-N) =16 is shown in drawing 6 (b). In this case, the digital value inputted as T*2(M-N) =16T is shown in 
drawing 6 (c). As such a result, the M= 12-bit image data after rewriting the address of Add (i) is shown in 
drawing 6 (d). Thus, it turns out that the gradation nature of the rewritten portion improves. 
[0033] Moreover, in order that the image information to photo may know whether it is what is what bit later, 
preparation which adds the photography conditions acquired at steps 403 and 404 of dmwing„3 to image data is 
carried out. For example, apart from image data, you may give as a file like draw ing 7 (a), and several bytes of 
the head of image data are used like drawing 7 (b). Or you may record using the empty bit of image data like 
drawing 7 (c). Since this becomes 2 bytes (16 bits) of data when it is M= 12 bits, it uses that an opening is made 
to 4 bits of high orders. Moreover, as shown in drawing 8 , the declaration bit which uses a free area for the first 
image data first is prepared, and it writes in a what bit high order is used for photography condition data storage 
in the following image data, and puts how many photography condition data is sent after this on that following 
image data. Photography conditions, such as the A/D -conversion numbers of bits N and M, the first-time 
exposure time, the 2nd exposure time, the number of image data, and the f number, are put in after that. 
Photography condition data is recorded as mentioned above, and it transmits to an external digital device. 
[0034] 

[Effect of the Invention] As mentioned above, the image data which was rich for a short time when there was 
little number of bits, and was rich in gradation nature when there was much number of bits can be made from 
considering as the system which can set up the conversion number of bits of an A/D converter. It is possible to 
earn the gradation nature of the comparatively dark portion in the large photographic subject of a dynamic range 
especially. Since it is making the exposure time into twice (M-N) the first time exposure time, conversion of 
many bit data can be performed simply and only a required field is changed when performing multiple-times 
exposure, there is the feature realizable in a short time. 

[0035] Moreover, although the gradation nature of a bright portion falls, since there is no sense of incongruity 
so much and it is visible with the property of human being's eyes, the image which excelled [ system / easy and 
cheap ] in gradation nature can be captured. Furthermore, the handling of image data becomes easy by adding 



photography conditions to image d^^ter. 



[Translation done,] 



esp@cenet - Document Bibliogij|Dhy and Abstract Page 1 of 1 



SOLID-STATE IMAGE PICKUP DEVICE AND LINE SENSOR CAMERA 

Patent Number: JP81 25924 

Publication date: 1 996-05-1 7 

Inventor(s): SATOU HIDEKAGE 

Applicant(s): CANON INC 

Requested Patent: p jpsi 25924 

Application Number: JP19940255021 19941020 
Priority Number(s): 

IPC Classification: H04N5/235; H04N5/335 

EC Classification: 

Equivalents: 



Abstract 



PURPOSE: To improve the gradation of a relatively dark part by changing the number of bits for A/D 
conversion for respective picture elements and performing output for the photographing of an object whose 
dynamic range is wide. 

CONSTITUTION: This device is provided with a lens group 101 for image-forming optical information on a 
prescribed image forming surface and a line sensor 103 for converting the optical information of the image 
forming surface 102 to electric information. A line sensor driver 104 electrically drives the line sensor 103 by 
the instruction of a system controller 105, a scanning means 114 lets the line sensor 103 scan within the 
image forming surface and the system controller 105 controls the line sensor driver 104 and the scanning 
means 114 and adjusts exposure time by the multiple of 2. An AID converter 108 converts sampled and held 
video signals to digital images. When the number of output bits of an A/D converter bit number selection 
means 116 exceeds the number of upper limit bits of the A/D converter, the photographing is performed for 
plural times while changing the exposure time and the image data of a large number of bits are prepared. 
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4 

[0 0 10] ±|B<Z>7-< V-fe^**^ 7tttt^# 

7^>-t>'f-^^ai't-S7^>'^>-^^^7t>^ l 9, 

13, t^V-^-— ^^7^ 7^>^, 3 yifa- <7)^Y 
[0011] 

#r-i*ft<, ^ 1 7 ^ y ir y t ^ ^ 7 oft^tt^ 

[0012] 

««tTs/ (N bit) ^fflrBBA/ 

D3E*«^±Pibf^ h^: (Mb i t) ^m^t-m^ (N 

% (M bit) (crf-^^A^t^i: 5 (^tfc7^ 
I'i? 7 5. 7-T >ir <z>^ 

C^^a^tS7^y-iryt^^ 7«rll*t5fc©T* 
[0013] 

Bll:/7t^os'^BI-*5v^, 100W7 

y 7fc««*et*&"r5fe«>^^ -y vma^^ 

^^fr*fcs 0 i o i te#t¥£Mfe£i o 2co,etSffifc:tt 
«S-i3:Sfc«>0U'>'X»*C*,<5. 10 3l4fiS110 2 
(-IBB * nfc l i^tc^^^^-co 7 -Y v-fe viJ-cfc <9 , 
^ w^ii, ccD7^ytynMosih7y^^7 
-Y yf^^So i o 4iiWt5^7Any ho 

— 710 5 ^hcO^^icX V 7-Y y-feyfl 031:1^ 
W{-W»SiirS/t*(7>7-f K7^^t?*>S. o 
* , 7^ytytK7^^i0 4ii^7A3yhi3 

— 7 1 0 5 <z> h y 19 7-Y^ir^iJ- 1 0 3 3&*bM« 

[0014] ^fc, 10 5|j:^7A3yho-7r*fc 
50 #J»LT 2ft^M«Sr»S«fc 5J-»ffi-Sfc^^fc-5o 



5 

l o 6 I* ^t^t 0 , 7^fytyf l o 3cotU 

v^/i^ • KlaljB 10 7 <OT -t u jfm&Sn-%*:f 

LTff»t5. 10 9 iS_biH7V ^/uMftfT^— * 

[0 0 15] 110141 >&<nm&Lv : — 9'& 

Al 0 9 KB«$jix*:«, i/zL—*f<l >^MlE£: 
fT<c5'>3i— 7*-f >^*jEIhIKt?*>S. llll^Iftf 

^n^v-^ — 7^ ^^WjEIIKI 1 0 i:^>"^ffiiEiniS& 

1 1 ltt^Oft«^*>5fc«>ttWttRW«:«'< 0 11 

2 W:^*— -T-f V^fitiEdJS&l 1 0 ^^f>"^MiE[HJSSl 
1 1 co^JE^t(D 1 ^ y^ii^T-^^- PSEtrrsfc 
«X7>1E«^«-C*> 5 , 1 0 9 t Km-rz>fz$>tc*^v B 

[0016] tfc, 1 1 3 13^^ y B 1 1 2 tCfEt&LT 

^-swfifcv*— ^Sr^w^-f eas-r^fc 

laK^a-C* t) , S C S I Eft^R S ~ 2 3 2 C 

EIKt?*>So 114li7^^Vtl0 3t»«ffilO 

fi,ayhP-7l0 5©^^(aoTii^n5o O 

[0017] r jfeat^MH: 114 <7>«f£rl£l 2 tC^ 

Lti/^d\ 7 0 1 14^7" y ?X*&> V , =JrT 

7 0 2$r^lT7"YVtyt 1 0 2(D/N^^y/7 0 3 
^ K^-7 0 4^^otfi$ii:5o ^-Y^-feVi^ 
i03i:A^^y/7 0 3 i^^|cj:or@^^ttr^ 
K'<-7 0 4(:fp v oT7'f>tyti 0 3d* 
»»t5:i:l:4 5o *3E¥«i 1 4 14^^^ 

V^f-y JO?* — 9 7 0 1 &mW]'f'Z>fz£)<D F7^f^ 

[0018] St, 1 15l47^f VlrVI** 10 3 tf*^^ 

7* h^y^^T 9 ^^^^ & 0 116 I2A/D^& 

7^ y?x<< s^t^o&T*^ ^^MttAAasttT 1 * 
[0019] o^{C, #»93<Z>»f|5 • f1UB**i-:7n- 



(4) ^i¥8 - 1 2 5 9 2 4 

© 

h*H3fc:^LTR9H-So £1\ *7>fyty 
t^^7^^^^ytI^ONi:/j:^ (^r^4 0 

0) , h P"7 1 0 5^" F '^7ft/i 

«JJHR52*:fTtt5. ^fAayhP-7l0 5W:«« 
^Q¥Sl 1 5^t±1^5r«tliLT, 7^*^*103^ 

(^7^401) o 7>f Vir^iM 0 3^3fe3tE*lCia 
tSilWtltf^7S'y4 0 3^ KfiSttT^fctfn 
tf^T" y^f A 0 2— iStp 0 ^7^^4 0 2^^, =7 4 1/ 
10 irV^ 1 0 3^ffi(C^^^(Z)T*v'^fA=iy hn-71 
0 5i4felE3MB:i l 4^*36*o*rfpii:*^ 1 ^ p 
{f#£fcti*U 7-fyiryt^Si^^5 C*^:^ 

02) 0 t5U^7^7 p 4 0 1^I5o 

[0 0 2 0 ] 7>f Vi?^ 1 0 3 3fl*j£SE«Hw3(ET 

1/\h,tf, ^<^&«&£ WHS* &tC, isX^MsZi 

1/ b 1 0 5l**#*f*^R5£S:fi 1 5 (^t 1 5/^ p 4 

03) o os 0 , sj^^y r • 7^ vir>-^<7>@#ig& 

0 5 <Z>rt*R AM^fE1£fc£ii:£o - 4xl4#£l5 v'-f 
itf «#j&»feiifS 0B&1 1 3 £S£ IWf^ay h 
7 10 5 — LTt) £1^0 

[ 0 0 2 1 ] ^fAayhn-7l05ij:t f 
2/ h»31«#«l 1 6 <7>tt«*:«l*DL, A/D^M££0 
A^J htM^r^f hP-710 5f*l3!5coR 

AMtCfBtt-rS ^7^4 0 4) 0 ^f^^^hP 
— 9 1 0 SttU-y — XSJl 1 7(Dt»cM^^^ s>^ L 

7^405) , uy-x^i 1 7^if ^n^ir-^f 

^^4 0 3^^75/^4 0 5 ^^-T'tTtit^e 

jo xs3 117 asft^tLt*^ ^7^4 0 e — xi^, 

[0 0 2 2] t 9 IT, -y^^J^zi ^ hP-7105 
tt, 7^v*>'tK7'f/U04l;TBIB»*t5J:5 
t^^^ri^ 19 , ^ttffi 10 2 ±^*>Stt^flc«(7>— ««: 

(^7^406) 0 TP#r^^3fe^> Ttxm^; 

'BSff-§-i: u^'fytyt 1 0 3^b^^6 
(^7 L ^^ p 4 0 7) o ^ft/v/i oeii^-t'yty 
tio 33&»b(z>M«*«ft**««i-MbriB«o<c** 

^ ^{c±i*I-r^ (^77^40 8) o ^-/uK 
IBl 0 7I47^V^ >tl 0 3 3&*bO/^u^tt^>ft* 

9) o 

[0 0 2 3 ] O^IC, A/D^^^l 0 8<7}A/D^& 
^»tgN<!: t*^ h«»S*«l 1 6*>ib<Z>A/D8E«« 
f h«fe»3effl[M«:tfc«Lr Uf^410) , N> 
Mi«Jtt , *546tf^fs'7 f 4 11^ «"t?*S*fe« 
^7^4 12^P 0 N<7>*3&*^c#l^»'&l4, 1 IhJCO 

^7fe/I--^>'r-lj^7 :f -^^0< S ^7^4 1 
5^? 1) 0 M^^^^^MIJ, «fIU^^-fyT' 



7 

^ h*fc^#tMHtt^ — *«ro< 5 Uf^4l 
2) e 

[0 0 2 4 ] ftfc, ^^yAlO 9 Mf5l&£*Lt^5 1 

^ttjEEIK 1 1 0X-> ^-7*^1/ ft ft 5 (^T 
7/413) 0 £ fete, ^-7^ V-^MIEIhI&I 1 0 
<7>JB«*Stft, ^f^^ttjElfilllll 1 lTWf-^^) 
Jf>-?ffilE&ft5 (^7^414) o #>^ffilE£ft 

Ty^A 1 5) o 
[0 0 2 5 ] ffiitt, ^7i^=iyhP-7l05lW 

x-^£r;* ^ y B 1 1 2^b^»'r f ^^/u*!l*-^<EiS-r 

[0 0 2 6 ] o^l;, ^t0>^— *S:<Ei£Lfc«, is* 
7A3yf>p- 7105 ttPfflftT* — ^oBBgl^&^x — 

4 1 7) o V-^xA^r >< ha^7l05 7 ^-fe^-fr 

l o 2 0ttB^Jift*tLfc»*3iy Tftfclf 5a»4r-blB 
<^56aE*»*a#Si l 5©JBfti:7'i r >"fe>'ti 0 3 <n 

teWjAbfrhmm-rz (^7^418)0 t>^yr 
#--?*>5ftfctf, ^7^7 , 4oi^ ^-cfcttttii 
^77^406^, »*s:»!3jg"#% 

[0027] ^7^41U41 2 1^*^1^ 

[0028] H4tc*3^^r, n^mt-&>£cdt-i 
M^-fV'CAS (^7^411)0 to-Tti 

li, A/DfMl 0 8^»t$rMt> hilKL, 
i^-v^/u • KEIRl 0 70W*^MtV ht*7t 

o^/^^^^X*-r« (^7^501) 0 ^Lt, 
Mt'j/ Mc^^/u^&£;a*:M&x~^£^^y A 
1 0 9 — — »|B«S-frS ^7^5 0 2) 0 l7^f> 
ft<DMi&^-#tmfe£tltibX7- 7^4 1 3— xltf 
(^X 5 0 3) o 

[0 0 2 9 ] ^7c, UStC&l^t, N<Mt^5i^O 

(^7^4 1 2) l:ov^tR5St 
5o ::t?, RW«:flB*«-i-Sfc«>^2[aj|ftfc|5iSL 

t!&0jl&x§tf>£,> £1\ A/D«jft«l 0 8O»*«S: 
NtT-x HwRSU ■ ^ KOKl 0 7<D& 

A^Ntv ht*A/DfSt5 c^x^e 0 1) . -t 

It, 7>f ^^yuKSl$ixfclif«Tr — ^ y a l o 

9 — — 0#fE1t£li:£ (^7^6 0 2) 0 i/*'rJ*=il/ 
1 0 5 J^tt£^cM&x-^&OMf£x-^ 
^ $ F F * 2 ^^T^r-^t'feS^^i^S 
1^7^6 0 3) o H«'7 f — 

s/^6 0 4^xitfo M« , 7*-^3a s *#^»-&«^7 1 7^ 



(5) 4#ffl^P8 - 1 2 5 9 2 4 
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6 0 5— mt?o ^ntt*^^i±j*^/h*< r*ftim»3t 

:t*$FFI^N (=8) fjyhOft*(|«:*lt^5. 
$ F F * 2 (N_M) ^T<^~^T-&ofcm<&i3:, ^rcoM 

s^#J*^Add (i) (D^ic— B#iatat-r-5 

6 0 4) o 

[0 0 3 0 ] ojffc, f-^^r2 (M_N) f#-r^> C*X:x 
7^6 0 5) o ilrL^f-^Sr^^ y A 1 0 9 OH C#* 
-^15«£-£S U7^6 0 6) o 17^»«7 
^{:o^T^7^6 0 3*»e> 6 0 6 &iefTLfc]&> 
if 5 3&**U»f-#-S ^7^6 0 7) o IfTlT^/^o 
fcb^x 3^6 0 3— I5o ^ffltl^^75'7 p 6 
0 8^Mo ^fA3yhP-7l05lt7-fyt 

(^7^7^6 0 8) o ^75/^4 0 7 ^^(^7^^^ 

>tio 3\$&^mnm&^/vt^&?mizm^zmj3 

-TZ> (XT ^6 0 9) o 
[0 0 3 1 ] ofic, ^^^^4 0 8 £R«*£fcT<7 f ;*-7 r 

^0 v^i o 6 aMato^— ^&*t*I-t"5 (^7 7^6 1 

0) o ^7 7^4 0 9 ^«lcty7 p /^ • KiS& 

107 asps flax— #&y-is-?ju • /i^ K itif^^ 

U7j/^6U) . A/D^m^il 0 8 12 
Ntf;y htA/DffttS (^7^612) . v-^x 
i^3i/hn-7l05 l^7^6 0 4t»t#«Ad 

d (i) o^-^/cit^^e y Al 0 9— (Dm^&^&PF 
"I It, M&x-^2r^#&x.5 U7^613) 0 
17^ >'ft<D7*—#\Z'D\,^Xft^tzh*'r 1 3<D 

is^—Tj^rtfllE^mtt (^7^614) o 
30 [0 0 3 2 ] £X±.<nffii%$:N= 8 , M= 1 2i Lt 1 2 

^"To IS 6 (a) l^7^6 0 2{CdBtj-^^^-y Al 

o 9rt<75nriftx"-^*, fKlcr^ytyf l o 3 com 

0 3t'f3i $ FF* 2 < N " M > = $ 0 Fj^-p^ 

MT^^t»#fiLti^ri:^W^o ^7^60 
4, 6 0 5Ct, ^nfctf>#JfiS:lE«U ^<OHJfg>^~ 
^?)2 M = 16fSU:Wi6 (b) fC^-t\ C 
40 CO^-^T * 2 (M_N) = 16Ti LtA* Lfcx^ v^/u 
tt£[£l6 (c) {c^"T 0 ^5lfc8*iLt, Add 

(i) 0#±tb^S#^X.fcftcDM= 1 2 hcoMtfe^ 
-^£06 (d) tc^-To c<oj:5^, ^#&;Lfc3i$# 

[0 0 3 3 ] ftjKt-SlBflfcWft^fBrtf y hco^O 

tt<Z>a»*«t*n-5fc#>k, i3(?)^77^4 0 3, 4 0 

5* 17 (a) (DJ: 5 tclHfex-* £12 SUM 

7r -f^£ LttSfc-g-tfc 07 (b) <7>£5t- 

5<? M&x-*GD$fcSIcD$:/<-r h^ftffltSo 17 




0 

(c) <D£ o^mfaf — fKO^ \f y HSr/B^TlEftL 
1tt£. 2/<f h (16t^F) O^-^Jc 

[0034] 

[0 0 3 5 ] WS^W^OWWttttfiT-rS^, 
[HBOMMRS] 

[Hi] *^0J(cJ:^-^m^Jo^^^-r^u s^H 




(e) ¥?ffl¥>8 - 1 2 5 9 2 4 

LO 

[0 3] **W(iJ:-5 — *JfeOT<75»^S:^"r^7i3-^ 
[14] *3§^fcJ;£ l HIR5fe/^ — n— ^-y — 

[15] *^0J(cj:S1S^:tHl^^/u-^v^^c2-^-y 
[16] *«W^ctS*«lHiai*^— ^^^H«^--^ 
y<? [17] ^MI^iST^^tyt^^ywfljK&ttf 

[19] Ufk<D7<<( ts-Kls^js* 9<DMf&&^-t^* y 
[110] >"t>"9-Z* 9<Dmft$:mM'tZ> 

20 1 0 0, 2 0 9 ^^y^-f 

ioi, 201 u^xm 

103,202 v^r 

1 0 4, 2 0 7 7Y^tyf K7Y/< 
10 5 

1 0 6, 2 0 3 IfftTV^ 

1 0 7, 2 0 4 fy^^-^FW- 

10 8 A/DlftS 

109,112 y^ey 
lio ^ai— T-r v^«iE[flllK 
j<? ill 3fi/-*^iEm$b 

206 ^Y;y/3>hn-7 
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